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Description 

TA^unUoi Field cf the Invent: en 



5 [0001] The invention relates to a process for the preparation of a food product containing AFPs and to food products 
containing AFPs. 

Background to the Invention 

10 [0002] Anti-freeze peptides (AFPs) have been suggested for improving the freezing tolerance of foodstuffs. 

[0003] Antifreeze proteins have been described in the literature, see for example Marilyn Griffith and K. Vanya Ewart 
in Biotechnology Advances, Vol 13, No 3, pp 375-402, 1995. Antifreeze properties generally possess one or more of 
the following properties: thermal hysteresis, inhibition of ice recrystallisation, control of ice crystal shape and interaction 
with ice nucleators. 

15 [0004] Thermal hysteresis is the best known property of AFPs and the property is normally used to test for the 
presence of AFPs. Thermal hysteresis results from a lowering of the apparent freezing temperature of a solution con- 
taining a thermal hysteresis active AFP without affecting the melting temperature. The identification of sources of AFP 
by thermal hysteresis tests is widely described in the literature, see for example John G Duman in Cryobiology 30, 
322-328(1993). 

20 [0005] Inhibition of ice recrystallisation is another property of AFPs. This activity is also referred to as ice crystal 
growth suppression. This property can be tested by comparing at a certain point in time the ice crystal size of crystals 
in the presence of AFP and in the absence of AFP. The application of this method in the testing of fish AFPs is described 
in US patent 5,118,792 (DNA Plant Technology Corporation) 

[0006] A third property of AFPs is their ability to influence the shape of ice crystals. This property stems from the 
25 selective binding of AFPs to certain faces of the ice crystal and therewith limiting crystal growth in certain directions. 
The presence of ice crystals having an hexagonal bipyramid shape is then considered indicative of the presence of 
AFP. This method is for example described for testing the activity of extracellular winter rye AFPs in WO 92/22581 
(University of Waterloo). 

[0007] A fourth property of AFPs is their ability to inhibit the activity of ice nucleating substances. This interaction 
30 between and AFP and an ice nucleator may for example result in increased thermal hysteresis. This property is for 
example tested in WO 96/40973 (University of Notre dame du Lac) 

[0008] AFPs have been suggested for improving the freezing tolerance of products. Many applications have been 
suggested in this context. 

[0009] For example AFPs have been suggested for enhancing the cry op reservation of biological materials (WO 
35 91/12718, Agouron Pharmaceuticals, WO 91/10361, The Regents of the University of California). Also AFPs have 
been suggested to prevent leakage from liposomes e.g. in cosmetic or pharmaceuticals (see WO 96/20695). A further 
possible application is to increase the freezing tolerance of plants by including therein (or transgenetically producing 
therein) an AFP (See J. Cell. Biochem. Suppl. vol. 14e, 1990, page 303 XP002030248, Lee et al, abstract R228). Also 
fish AFPs have been suggested for use in food products for example in frozen yoghurt or ice cream (US 5,620,732 
40 Pillsbury and WO 96/11586, HSC Research and development limited partnership). 

[0010] Up till now, however the use of AFPs has not been applied on a commercial scale. Applicants are of the 
opinion that one of the reasons for the lack of commercial implementation is that although many AFPs have been 
described, in practice the implementation in actual commercial products encounters serious problems. 
[0011] Applicants have found that one of the key reasons for these problems is that out of the great number of AFPs 
45 that have been described in the literature only a limited set of AFPs can suitably be applied for each application; also 
applicants have found that this selection of suitable AFPs is dependent on the desired application and/ or product 
attributes to be achieved. 

[0012] WO 90/13571 discloses antifreeze peptides produced chemically or by recombinant DNA techniques. The 
AFPs can suitably be used in food-products such as ice-cream. Example 3B shows modified ice-crystal shapes if a 
50 water-ice mixture is frozen into a film in combination with 0.01 wt% of AFP. 

[0013] WO 91/10361 discloses the use of autrfreeze polypeptides or glycopeptides derived from the fluid or serum 
of Arctic and Antarctic fish. 

[0014] WO 92/22581 discloses AFPs from plants which can be used for controlling ice crystal growth in ice-cream. 
This document also describes a process for extracting a polypeptide composition from extracellular spaces of plants 
55 by infiltrating leaves with an extraction medium without rupturing the plant cells. 

[0015] WO 94/0361 7 discloses the production of AFPs from yeast and their possible use in ice-cream. WO 96/1 1 586 
describes fish AFPs produced by microbes. 

[0016] The present invention aims at providing solutions to the above problems. In particular the invention aims at 
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providing frozen food products having a relatively soft although brittle texture, said texture being maintained upon 
prolonged storage at low temperatures. 

r0017] RiimriQinniy ft hac Keen found thst AFPc can be co~vcr;i entry incorporated in frozen food prouUCib iu fe&uit 
in the desired product properties as long as the processing conditions are varied such thatthe ice-crystal shape satisfies 
5 specific requirements. 

[0018] Accordingly in a first aspect, the invention relates to a process for the production of a frozen food product 
comprising AFP, wherein the conditions are chosen such that the ice-crystals in the product have an aspect ratio of 
from 1.1 to 1 .9. 

[0019] If food products are frozen, ice-crystals are formed throughout the product. If AFPs are included in food prod- 
10 ucts to be frozen this may lead to a change in ice-recrystallisation properties. Aggregation of the ice-crystals of AFP 
containing products is may cause the brittleness of the product. 

[0020] Many consumers are in favour of relatively soft and brittle food products or ingredients such as ice-cream 
and water-ice. For example soft water-ice can be used as an attractive ingredient in frozen confectionery products, 
also relatively brittle ice-cream is liked by a large group of consumers. 
is [0021] Surprisingly we have found that AFPs offer the opportunity to formulate frozen food products which on the 
one hand are relatively soft but brittle and on the other hand retain improved ice-recrystallisation properties. Applicants 
have found that surprisingly this advantageous combination of properties can be achieved if the product contains AFPs 
and has an aspect ratio of the ice-crystals in the product is between 1 .1 and 1 .9. 

[0022] The aspect ratio of ice-crystals is defined as the ratio of the length and the breadth of the ice-crystals. An 
20 aspect ratio of between 1.1 and 1 .9 corresponds to roundish ice-crystals, which are not elongated in shape. The aspect 
ratio of crystals can be determined by any suitable method. A preferred method is illustrated in the examples. Preferably 
the ratio is between 1 .2 and 1 .8, most preferred between 1 .3 and 1 .7. 

[0023] Preferably the frozen products of the invention are brittle. Preferably the minimum layer thickness at which 
fraction behaviour can be observed is less than 1 0 mm, more preferred from 1 to 5 mm. Fracture behaviour can either 
25 be measured (by preparing layers of varying thickness and determining at which minimum thickness fracture behaviour 
occurs)or calculated from the Young's Modulus as described in the examples. 

[0024] During the formulation and subsequent freezing of food products several parameters can influence the aspect 
ratio of the ice-crystals to be formed. Examples of factors influencing the aspect ratio are given below. Applicants 
believe that it is well-within the ability of the skilled person to choose those conditions such that the aspect ratio of the 

30 ice-crystals falls within the desired range. 

[0025] One factor influencing the aspect ratio of ice-crystals is the rate of freezing the product. Generally speaking 
an increase in the rate of freezing leads to a decrease in the ice crystal aspect ratio. In this context the temperature of 
freezing may influence the rate of freezing and therewith the aspect ration of the ice crystals. In this context freezing 
processes including a hardening step e.g. at a temperature below 

35 -30 Fahrenheit are sometimes preferred. The storage temperature and storage time may equally influence the aspect 
ratio, whereby higher storage temperatures and/or longer storage times tend to favour the formation of high aspect 
ratios. 

[0026] Another factor influencing the aspect ratio of ice-crystals is the mobility of the product during freezing. For 
example if a liquid water-ice or ice-cream mix is to be frozen, quiescently freezing will lead to a fairly high aspect ratio 

40 for the ice-crystals, while stirring leads to a lower aspect ratio. High shear mixing will lead to even lower aspect ratios. 
[0027] Another factor to influence the aspect ratio of the ice crystals is the presence and amounts of ingredients. For 
example the presence of ingredients which tend to form a network structure in the product (e.g. gums or fats) may lead 
to a lower aspect ratio than in products without these ingredients. Also other ingredients may lead to lower aspect 
ratios, for example high solids levels e.g. high sugar levels may lead to low aspect ratios. 

45 [0028] Finally the nature and amount of the AFPs present may lead to a change in aspect ratios. Some AFPs seem 
to favour the formation of low aspect ratios, while other AFPs seem to induce higher aspect ratios. A sutiable test to 
select these AFPs is described in the examples. Variation in the amount of AFPs may lead to a change in aspect ratios. 
[0029] According to a second embodiment, the invention relates to a process for the production of a frozen food 
product comprising AFP, wherein the formulation, freezing and storage conditions are chosen such that the ice-crystals 

50 in the product have an aspect ratio of from 1.1 and 1 .9. 

[0030] The process of the invention can be applied to any frozen food product containing AFPs. Examples of suitable 
products are sauces, meals etc. Preferred food products are frozen confectionery products such as ice-cream and 
water-ice. 

[0031] Applicants have found thatthe AFPs for use in the process of the invention can come from a variety of sources 
55 such as plants, fishes, insects and microorganisms. Both natural occurring species may be used or species which 
have been obtained through genetic modification. For example microorganisms or plants may be genetically modified 
to express AFPs and the AFPs may then be used in accordance to the present invention. 

Genetic manipulation techniques may be used to produce AFPs as follows: An appropriate host cell or organism would 
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be transformed by a gene construct that contains the desired polypeptide. The nucleotide sequence coding for the 
polypeptide can be inserted into a suitable expression vector encoding the necessary elements for transcription and 
Lransiaiiun and in such a manner "trial Lhey wiii be expressed under appropriaie conditions (eg in proper orientation 
and correct reading frame and with appropriate targeting and expression sequences). The methods required to con- 
5 struct these expression vectors are well known to those skilled in the art. 

[0032] A number of expression systems may be utilised to express the heat stable polypeptide coding sequence. 
These include, but are not limited to, bacteria, yeast insect cell systems, plant cell culture systems and plants all 
transformed with the appropriate expression vectors. 

[0033] A wide variety of plants and plant cell systems can be transformed with the nucleic acid constructs of the 
10 desired polypeptides. Preferred embodiments would include, but are not limited to, maize, tomato, tobacco, carrots, 
strawberries, rape seed and sugar beet. 

[0034] For the purpose of the invention preferred AFPs are derived from fish. Especially preferred is the use of from 
plant origin (i.e. proteins directly obtained from planst or these proteins transgenically produced by other organisms), 
especially derived from winter-rye or perennial grasses. 

is [0035] For some natural sources the AFPs may consist of a mixture of two or more different AFPs. 

[0036] Preferably those AFPs are chosen which have significant ice-recrystallisation inhibition properties. A suitable 
test for determining the recrystallisation properties is indicated in the examples. Preferably AFPs in accordance to the 
invention provide an ice particle size upon recrystallisation preferably as measured in accordance to the examples- of 
less than 20 ujti, more preferred from 5 to 1 5 uxn. It is believed that the small ice-crystal size combined with the specific 

20 aspect ratio is especially advantageous to obtain the desirable structural features. 

[0037] A very advantageous embodiment of the invention relates to product formulations which are chosen such that 
in the preparation of the product quiescent freezing conditions can be used, while still obtaining the aspect ratio as 
defined above. 

[0038] Examples of such food products are: frozen confectionery mixes such as ice-cream mixes and water-ice 
25 mixes which are intended to be stored at ambient or refrigerator temperature. Suitable product forms are for example: 

a powder mix which is packed for example in a bag or in sachets. Said mix being capable of forming the basis of the 

frozen food product e.g. after addition of water and optionally other ingredients and - optional- aeration. 

[0039] Another example of a suitable mix could be a liquid mix (optionally aerated) which, if necessary after addition 

of further components and optional further aeration can be frozen. 
30 [0040] The clear advantage of the above mentioned mixes is that the presence of the AFP ingredient enables the 

mixes to be frozen under quiescent conditions, for example in a shop or home freezer. 

[0041 ] Very conveniently these mixes are packed in closed containers (e.g. cartons, bags, boxes, plastic containers 
etc). For single portions the pack size will generally be from 1 0 to 1 000 g. For multiple portions pack sizes of up to 500 
kg may be suitable. Generally the pack size will be from 1 0 g to 5000 g. 
35 [0042] As indicated above the preferred products wherein the AFPs are used are frozen confectionery product such 
as ice-cream or water-ice. Preferably the level of AFPs is from 0.0001 to 0.5 wt% based on the final product. If dry- 
mixes or concentrates are used, the concentration may be higher in order to ensure that the level in the final frozen 
product is within the above ranges. 

[0043] Surprisingly it has been found that compositions of the invention can contain very low amounts of AFPs while 

40 still being of good quality. 

[0044] Up till now the general belief has been that fairly high levels of AFPs are required to obtain a reasonable 
improvement of recrystallisation properties. The reason for this is that it is commonly believed that the AFPs act on 
significant parts of the surface of the ice-crystals and therefore need to be present at fairly high levels e.g. 0.01 wt% 
or more to get a reasonable effect. 

^5 Surprisingly it has now also been found that for frozen products improved recrystallisation properties and increased 
temperature tolerance can already be obtained if low levels of AFPs are used. 

[0045] Surprisingly it has been found that the level of AFPs can be as low as 0.1 to 50 ppm while still providing 
adequate recrystallisation properties and temperature tolerance in frozen confectionery products. Although applicants 
do by no means wish to be bound by any theory, the reason for this may be that the interaction between the solids of 
50 the frozen confectionery and the AFPs provides an excellent mechanism for inhibiting crystal growth. Most conveniently 
the level of AFP is from 1 to 40 ppm, especially preferred from 2 to 10 ppm. 

[0046] For the purpose of the invention the term frozen confectionery product includes milk containing frozen con- 
fections such as ice-cream, frozen yoghurt, sherbet, sorbet, ice milk and frozen custard, water-ices, granitas and frozen 
fruit purees. For some applications the use of AFPs in frozen fermented food products is less preferred. 
55 [0047] Preferably the level of solids in the frozen confection (e.g. sugar, fat, flavouring etc) is more than 30 wt%, 
more preferred from 40 to 70wt%. 

[0048] In a very preferred embodiment of the invention the soft but brittle frozen confectionery formulations are used 
to create texture contrast in ice confections. Preferably such ice-confections contain as discrete elements in their 
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structure the AFP containing composition in accordance to the invention. For example a relatively hard ice-cream core 
can be coated with a thin layer of the composition of the invention therewith providing a relatively soft but brittle outer 
iayer surrounding ihe ice-cream core. Another embodiment couid be the incorporanon of the formulation of the invention 
as inclusions in ice-confections. A third embodiment would be the alternating of layers of ice-cream with the formulation 
5 of the invention to create thin soft but brittle layers alternating with the ice-cream layers. 

Example I 

[0049] Isolation of AFPs from winter-rye. 
10 [0050] Winter rye (Halo variety) was cut in January (mean temperature in that month was 3.5 °C ensuring the ap- 
propriate cold acclimatization of the plants). The tissue was rapidly transported into the laboratory for further handling 
and washed thoroughly with water to remove dirt. 

[0051] 400 g of the clippings were homogenised at ambient temperature in a Waring blender with BOO g water until 
the leaf tissue was completely disrupted. The AFP rich juice was collected by filtering through 4 layers of muslin. 
15 [0052] The AFP rich juice was then subjected to a temperature treatment by boiling the juice for 10 minutes. This 
caused the precipitation of protein while the AFP for use in accordance to the invention remained in solution. The 
supernatant was separated from the precipitate by centrif uging at 1 5,000 g for 20 minutes or by further filtration through 
muslin. 

[0053] The AFPs can be isolated from the supernatant by freeze drying. 

20 

Example II 

[0054] Isolation of AFPs from grass. 

[0055] Mixed grass tissue (containing Poa trivialis, Lolium perenne, Holcus lanatus and Bromus sterilis) was cut in 
25 January (mean temperature in that month was 3.5 °C ensuring the appropriate cold acclimatization of the plants). The 
grass tissue was rapidly transported into the laboratory forf urther handling and washed thoroughly with waterto remove 
dirt. 

[0056] 500 g of grass clippings was placed in a 650 Watt microwave oven and heated at full power for 5 minutes, 
whereby the temperature was raised to 85 to 100°C. The grass clippings were then cooled to ambient temperature. 
30 [0057] After the heating step the AFP rich juice was separated from the clippings by filtering. The mass was stirred 
continuously for 5 minutes in the presence of an equal volume of water and then squeezed through 3 layers of muslin. 
[0058] The supernatant can be freeze dried to isolate the AFP. 

Example III 

35 

[0059] A pre-mix for preparing ice-cream was made by mixing: 



Ingredient 


% by weight 


skimmed milk powder 


11.39 


sucrose 


3.14 


maltodextrine (MD40) 


4.00 


corn syrup 63DE 


20.71 


butteroil 


9.00 


monoglyceride (palmitate) 


0.45 


vanillin 


0.01 


locust bean gum 


0.07 


guar gum 


0.05 


carragenan 


0.02 


microcrystalline cellulose 


0.24 


gelatin 


0.14 


AFP (of example I*) 


0.01 or none(control) 


water 


balance 



'Note AFP is added as concentrated solution; percentage refers to amount of AFP 



[0060] This mix can conveniently be stored at ambient temperature e.g. in a plastic container. 
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[0061] The mixture can be whipped with a conventional house-hold mixer to an overrun of about 1 00%, followed by 
quiescently freezing into a house-hold freezer. 

[0062] After two montns storage the composition according to tne invention had a markedly better texture than tne 
control sample. 

Example IV 



[0063] A liquid premix for the preparation of ice-cream was prepared by mixing: 



10 


Ingredient 


% by weight 




Skimmed milk powder 


10.00 




sucrose 


13.00 




maltodextrine (MD40) 


4.00 


15 


locust bean gum 


0.14 




butteroil 


8.00 




monoglyceride (palmitate) 


0.30 




vanillin 


0.01 


20 


AFP (of example II*) 


0.01 or none(control) 


water 


balance 



'Note AFP is added as concentrated solution; percentage referes to amount of AFP 



Example V 

25 

[0064] Ice-creams were prepared by freezing and aerating to 70% overrun the formulation according to example IV: 
[0065] Samples of both products were equilibrated at -18°C in a Prolan environmental cabinet for approximately 12 
hours. Microscopic slides were prepared by smearing a thin layer of ice-cream from the centre of thin glass plates. 
[0066] Each slide was transferred to a temperature controlled microscopic stage (at -18°C) where images of ice- 
30 crystals (about 400 individual ice-crystals) were collected and relayed through a video camera to an image storage 
and analysis system. 

[0067] The stored ice crystal images were highlighted manually by drawing around the perimeter which then high- 
lights the whole crystal. Images of the highlighted crystals were then measured using the image analysis software 
which counts the number of pixels required to complete the longest straight line (length), shortest straight line (breadth), 
3 5 the aspect ratio (length/breadth). 

[0068] The average aspect ratio for the crystals was calculated. 
[0069] For the control sample the aspect ratio was 1 .45 
[0070] For the sample containing AFP the aspect ratio was 1 .7. 

40 Example VI 

[0071] The brittleness of the ice-cream of example IV was determined by calculations on the fracture behaviour of 
the ice-cream. Using a 3-Point bend test the Young's Modulus was measured. 

[0072] The Young's modulus was measured by preparing strips of ice-cream, equilibrating them for 18 hours in a 
45 freezer cabinet and transferring to a temperature cabinet. The strips were placed on a 3-point bend rig as described 
in Handbook of Plastics Test Methods (2nd Edition) , ed R.P. Brown, George Godwin Ltd, 1981 . Sample testing was 
carried out immediately at a deformation speed of 50 mm/min. From the force-deformation curve, the initial slope was 
measured and used to calculate the Young's modulus according to the following equation: 

50 Young's Modulus(Pa) = ^ op ^ ^ 

- where L = beam span (11 0mm), B = sample width, W = sample height. Usually eight samples were tested to give a 
mean Young's Modulus value. 

55 Using the calculations described by Williams & Cawood in Polymer Testing 9 1 5-26 (1 990) the fracture toughness can 
be calculated. 

[0073] The results were as follows: For the control sample a thickness of 966 m was calculated as being necessary 
to obtain a brittle layer. For the AFP containing sample brittleness (fracture behaviour) was already found at a thickness 
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of 3 mm. This clearly shows the improved brittleness of products of the invention. Products with AFP were relatively 
hard. 

Example VII 

5 

[0074] This example describes a methodology to select those AFPs which favour the formation of ice crystal shapes 
as preferred in the invention. 

[0075] Ice crystal growth under normal circumstances is along the a-axis of the crystal. If AFPs are present the 
growth is changed. This selective influencing of the crystal shape can be explained by the fact that AFPs tend to bind 
10 to certain parts of the ice crystal and by doing this inhibit the growth of the ice-crystal in certain directions. Binding can 
for example take place at the prism planes (perpendicular to the a-axis) or at the Pyramidal planes (projecting off these 
planes). 

[0076] Applicants have found that AFPs which favour the formation of aspect ratios in accordance to the present 
invention can be found by selecting those AFPs which tend to bind on the pyramidal plane. The methodology for 
15 selecting these specifically binding AFPs can be any suitable methodology. A suitable test uses the so-called "Single 
ice crystal 'hemisphere' growth experiment, based on the technique described in Knight C.A., C.C. Cheng and A.L. 
DeVries, Biophys. J. 59 (1991) 409-418, Adsorption of a-helicaJ antifreeze peptides on specific ice crystal surface 
planes. 

[0077] A well insulated 51 plastic beaker was filled with deionised water, and placed in a temperature-controlled 
20 cabinet at - 1 °C. It was then allowed to freeze slowly from the top. After two days a single crystal of ice approximately 
4cm thick covered the beaker. The crystal I ograp hie orientation of this crystal was determined using single-crystal X- 
ray diffraction methods. Cubes of ice, of approximately 2cm dimension, were cut from the large single crystal, such 
that one surface was parallel to the prism plane, and another parallel to the basal plane. Thus oriented single crystals 
of ice were produced. 

25 [0078] An apparatus are used consisting of a brass cold finger (approx. 1 cm diameter) onto which an oriented seed 
crystal was frozen. The seed was first hollowed out so that the seed crystal would fit around it. Coolant was then 
circulated through the finger and the seed became frozen fast to it. 

[0079] The finger, with the seed crystal, was then dipped into an insulated 1 00ml beaker containing a solution of the 
material under investigation. The initial temperature of the solution was room temperature (- 1 8°C), and the only cooling 
30 was provided by the cold finger. Initially the seed crystal partially melted, but it then grew into a single crystal hemisphere. 
After several hours (6-8) a hemisphere with a diameter of 5-7 cm was formed. 

[0080] The experiment was carried out with various AFP solutions. The AFP solutions used had a concentration of 
AFP of 10- 3 mg/ml. 

[0081] The hemisphere was then removed from the cold finger, and moved to a temperature controlled cabinet at 
35 -15°C. The surface was scraped and it was left in the cabinet at least overnight (1 6 hours or more). Air was circulated 
through the cabinet by means of an integral fan. During this time evaporation of the surface layers of the ice occurred. 
The surface of the ice hemisphere thus came to have a smooth mirror surface. However, for a hemisphere containing 
AFP rough patches are seen on the surface. These correspond to the patches where the AFP has bound onto the 
surface of the hemisphere. The large AFP molecules prevent the ice molecules from evaporating, and so a rough mat 
40 of AFP molecules is built up on the surface at the surfaces where preferential binding to the ice occurs. As the orientation 
of the hemisphere is known, and the angular distance between these rough patches and the basal and prism directions 
can be measured by means of an optical goniometer the nature of the binding plane can easily be determined. 
[0082] This test can be used to select those AFPs which tend to bind to the pyramidal planes. For example the AFPs 
from example I and II tend to bidn to the pyramidal planes. Also a great number of other plant extracts tend to result 
45 in pyramidal binding. 

[0083] It will be well within the ability of the skilled person to use the above test to determine those AFPs which tend 
to favour the formation of high aspect ratios of ice-crystals. For testing their suitability in frozen products of the invention, 
the actual product can be made and the aspect ratio of the crystals in the product can be determined. 

so Example VIII 

[0084] Test for determining ice crystal size upon recrystallisation. 

[0085] A sample of an AFP containing solution in water is adjusted to a sucrose level of 30 wt% (If the starting level 
of the sample is more than 30% this was done by dilution, if the starting level was lower sucrose was added to the 30% 
55 level). 

[0086] Generally the test can be applied to any suitable composition comprising AFP and water. Generally the level 
of AFP in such a test composition is not very critical and can for example be from 0.0001 to 0.5 wt%, more preferred 
0.0005 to 0.1 wt%, most preferred 0.001 to 0.05 wt%, for example 0.01 wt% 
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[0087] A3|iL drop of the sample is placed on a 22 mm coverslip. A 16 mm diameter cover-slip is then placed on 
top and a 200 g weight is placed on the sample to ensure a uniform slide thickness. The edges of the coverslip are 

[0088] The slide is placed on a Linkham THM 600 temperature controlled microscope stage. The stage is cooled 
rapidly (50 °C per minute) to -40°C to produce a large population of small crystals. The stage temperature is then 
raised rapidly (50°C per minute) to -6 °C and held at this temperature. 

[0089] The ice-phase is observed at -6 °C using a Leica Aristoplan microscope. Polarised light conditions in con- 
junction with a lambda plate were used to enhance the contrast of the ice-crystals. The state of the ice phase (size of 
ice-crystals) is recorded by 35 mm photomicrography at T=0 and T=1 hour. Whereby an average particle size (visual 
determination, number average) of below 20 p.m, more prefered between 5 and 15 jim indicates preferred AFPs for 
use in products according to the invention. 



Claims 

1 . A process for the production of a frozen food product comprising anti-f reeze polypeptides, wherein the conditions 
are chosen such that the ice-crystals in the product have an aspect ratio, as defined as the length divided by 
breadth, of from 1 .1 to 1 .9. 

2. A process according to claim 1 wherein the conditions for influencing the aspect ratio are selected from the group 
of: rate of freezing, mobility of product during freezing, storage temperature and time, formulation of the product 
and nature and amount of anti-freeze polypeptides and combinations thereof. 

3. A process according to claim 1 , wherein the frozen food product is a frozen confectionery product. 

4. A frozen confectionery product comprising from 0.0001 to 0.5 wt% of anti-freeze polypeptides, said product having 
an ice-crystal aspect ratio of from 1.1 to 1 .9. 

5. Frozen confectionery product according to claim 4, wherein the anti-freeze polypeptides preferentially bind to the 
pyramidal planes of ice crystals. 

6. Frozen confectionery product having a texture contrast, said product comprising discrete elements of a confec- 
tionery product of claim 4. 

7. Frozen confectionery product according to claim 6, comprising thin ice-cream layers alternating with thin water- 
ice layers, wherein the water-ice layers comprise from 0.0001 to 0.5 wt% of anti-freeze polypeptides and have an 
ice-crystal aspect ratio of from 1 .9 to 3.0. 

8. Ice-cream mix suitable for use in the preparation of a frozen confectionery product of claim 4. 

9. Ice-cream mix according to claim 8, wherein the preparation involves aeration and quiescent freezing. 



Patentanspruche 

1. Verfahren zur Herstellung eines gefrorenen Nan rungsmittel prod ukts, welches Frostschutz- Polypeptide umfasst, 
wobei die Bedingungen so gewahlt werden, dass die Eiskristalle in dem Produkt ein Seitenverhaltnis haben, wie 
definiert als die Lange geteilt durch die Breite, von 1,1 bis 1 ,9. 

2. Verfahren gemaB-Anspruch 1 , wobei die Bedingungen zum Beeinflussen des Seitenverhaltnisses ausgewah It wer- 
den aus der Gruppe von: Gefriergeschwindigkeit, Beweglichkeit von Produkt wahrend des Gefrierens, Lagerungs- 
temperatur und Zeit, Formulierung des Produkts und Art und Menge der Frostschutz- Polypeptide und Kombina- 
tionen daraus. 

3. Verfahren gemaB Anspruch 1 , wobei das gefrorene Nahrungsmittelprodukt ein gefrorenes Konfektprodukt ist. 

4. Gefrorenes Konfektprodukt, welches von 0,0001 bis 0,5 Gew.-% Frostschutz- Polypeptide umfasst, wobei besagtes 
Produkt ein Eiskristall-Seitenverhaltnis von 1 ,1 bis 1 ,9 hat. 
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5. Gefrorenes Konfektprodukt gemaG Anspruch 4, wobei die Frostschutz- Polypeptide vorzugsweise an die Pyrami- 
denfiachen von Eiskristallen binden. 

6. Gefrorenes Konfektprodukt mit einem Texturkontrast, wobei besagtes Produkt getrennte Elemente von einem Kon- 
5 fektprodukt nach Anspruch 4 umfasst. 

7. Gefrorenes Konfektprodukt gemaB Anspruch 6, welches dunne Eiscremeschichten im Wechsel mit dunnen Was- 
sereisschichten umfasst, wobei die Wassereisschichten von 0,0001 bis 0.5 Gew.-% Frostschutz-Polypeptide um- 
fassen und ein Eiskristall-Seitenverhaltnis von 1 ,9 bis 3,0 haben. 

10 

8. Eiscremegemisch, welches zur Verwendung bei der Herstellung eines gefrorenen Konfektprodukts nach Anspruch 
4 geeignet ist. 

9. Eiscremegemisch gemaB Anspruch 8, wobei die Herstellung Beluftung und Ruhegefrieren einbezieht. 



Revendications 

Procede de production d'un produit alimentaire congele comprenant des polypeptides antigel, dans lequel les 
conditions sont choisies de sorte que les cristaux de glace dans le produit possedent un rapport d'aspect, defini 
par la longueur divisee par la largeur, de 1 ,1 a 1 ,9. 

Procede selon la revendication 1 , dans lequel les conditions visant a influer sur le rapport d'aspect sont choisies 
dans le groupe constitue de la Vitesse de congelation, mobilite du produit au cours de la congelation, temperature 
et temps de stockage, formulation du produit, et nature et quantite des polypeptides antigel et combinaisons de 
ceux-ci. 

Procede selon la revendication 1 , dans lequel le produit alimentaire congele est un produit patissier congele. 

Produit patissier congele comprenant de 0,0001 a 0,5 % en poids de polypeptides antigel, ledit produit possedant 
un rapport d'aspect des cristaux de glace de 1 ,1 a 1 ,9. 

Produit patissier congele selon la revendication 4, dans lequel les polypeptides antigel se lient de facon preferen- 
tielle aux plans pyramidaux des cristaux de glace. 

Produit patissier congele presentant un contraste de texture, ledit produit comprenant des elements discrets d'un 
produit patissier selon la revendication 4. 

Produit patissier congele selon la revendication 6, comprenant de fines couches de creme glacee alternant avec 
de fines couches de glace a I'eau, dans lequel les couches de glace a I'eau comprennent de 0,0001 a 0,5 % en 
poids de polypeptides antigel et ont un rapport d'aspect des cristaux de glace de 1 ,9 a 3,0. 

Melange pour creme glacee convenant a une utilisation dans la preparation d'un produit patissier congele selon 
la revendication 4. 

Melange pour creme glacee selon la revendication 8, dans lequel la preparation necessite une aeration et une 
congelation statique. 
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